Potent inhibitors of human immunodeficiency virus type 1 integrase: identification of a novel four-point pharmacophore and tetracyclines as novel inhibitors.
A four-point pharmacophore was constructed from energy-minimized structures of chicoric acid and dicaffeoylquinic acid. The search of 206,876 structures in the National Cancer Institute 3D database yielded 179 compounds that contain this pharmacophore. Thirty-nine of these compounds were tested in an in vitro assay specific for human immunodeficiency virus type 1 integrase (IN). Each retrieved structure was fit to the pharmacophore, and the conformation that afforded the best fit was identified. Twenty of the 39 compounds tested exhibited IC50 values of < 20 microM. Among the most potent inhibitors, tetracyclines emerged as a new class of inhibitors. Although the parent tetracycline exhibited marginal potency against purified IN, all substituted tetracyclines tested showed 5-100-fold increased potency. Disintegration assays with truncated IN mutants indicated that tetracyclines inhibit the IN catalytic core domain. To investigate whether chelation of divalent metals is implicated in differential potency of tetracyclines, enzyme assays were performed in the presence of both Mn2+ or Mg2+; no significance difference in potency was observed. Rolitetracycline inhibited IN/DNA complex formation in the presence of EDTA, which suggests that inhibition was metal independent. Rolitetracycline reversed DNA binding of IN after the complex was allowed to form before the addition of drug. Selectivity of tetracyclines was also examined in an assay specific for topoisomerase I, and none of the tetracyclines tested induced topoisomerase I-mediated cleavable complex or inhibited camptothecin-induced cleavable complex. Remarkable potency against the IN in the absence of divalent metals and the core enzyme coupled with water solubility makes tetracyclines potential candidates for X-ray crystal structure determination with IN.